Introduction
Although there has been general agreement about the approximate boundaries of most major plates since the formulation of the plate tectonic paradigm, the geometry for northeast Asia has remained one of the notable exceptions. Much of the difficulty stems from the fact that although the North AmericaEurasia boundary can be traced along the mid-Atlantic Ridge to the Arctic (Nansen) Ridge from seismicity, this seismicity , 1973] . Taking into account Quaternary-Recent tectonic activity, Nakamura [1983] and Kobayashi [1983] proposed that the boundary has subsequently shifted to the eastern margin of the Japan Sea, making northern Honshu part of the North American (or Okhotsk) plate (Figures 2b and 2c). In this scenario, subduction from the west under Hokkaido and northern Honshu is currently being initiated [Nakamura, 1983; Kobayashi, 1983; Seno, 1985a, b; Tamaki and Honza, 1985] . This possibility is supported by recent active seismicity and faulting along the northeastern margin of the Japan Sea and low-level crustal seismicity in central Hokkaido [Fukao and Furumoto, 1975; Seno, 1985b The common approach used to investigate these types of questions, where geological data are inadequate to resolve the plate geometry, is to invert the observed relative motion data assuming different plate geometries and see which fits the data best [Stein and Gordon, 1984] . One can then test, for example, whether the improved fit of a model with an additional plate exceeds that expected purely from the fact that the model has more free parameters [e.g., DeMets and [Fujita et al., 1990] , the resulting OK-PA pole would be close to the NA-PA pole. The predicted NA-PA and OK-PA relative motions along the Kuril and Japan trenches would thus be very similar, making it hard to discriminate between models, given that both the models and the slip vector data have intrinsic uncertainties.
We attempted to circumvent this difficulty by testing for the existence of a distinct Okhotsk plate using also relative motion data from earthquakes along the Japan Sea and Sakhalin Island, the western boundary of a possible Okhotsk plate. It is generally agreed that the EU-NA pole is located in northern Siberia, close to the Okhotsk region (Figure 1) (Figure 2d ) from the Okhotsk plate geometry (Figure 2c) , because the slip vector data are mostly from the boundary of the possible microplate. As noted earlier, our view is that the presently available data do not require a northern Honshu microplate.
Data
We used earthquake slip vectors along the boundaries of the possible Okhotsk plate to constrain the directions of plate motion (Figure 3 For the western boundary of the possible Okhotsk plate, we compiled published focal mechanism solutions for the region from Sakhalin to the eastern margin of the Japan Sea (Table 2) We also used the NUVEL-1 slip vector, transform strike, and spreading rate data for PA-NA and EU-NA in combination with the data just discussed. In compiling these data, we deleted Kamchatka slip vectors from the NUVEL-1 data, because they are included as either OK (or NA)-PA data. Because the original NUVEL-1 data set includes the Kamchatka slip vectors and treats them as NA-PA, the resulting NUVEL-1 model is not in theory suitable for testing for the Okhotsk plate. In fact, the effect of these few slip vectors is so minor that the predicted NA-PA motion can be treated as independent of any possible Okhotsk plate data [DeMets, 1992a] . This is further supported by the fact that the NUVEL-1 solution for North America-Pacific plate motion is quite consistent with independent space geodetic data [Argus and Gordon, 1990; Dixon et al., 1991].
Test of Plate Geometry
To test for the existence of a distinct Okhotsk plate, we compared how well the data were fit by the alternative plate geometry models in Figures 2b and 2c . In the first, the North American plate extends to northern Honshu. In the second, northeastern Siberia is part of the North American plate, 
F3, s-9 --[Z2(three plates) -z2(four plates)] / 3 z2(four plates) / (N-9)
where N is the total number of data [Stein and Gordon, 1984] .
The F value is 13.66, significantly higher than the 99% risk level value of 3.97, indicating that the improved fit is very unlikely to have occurred by chance. Hence by this test, an Ohkotsk plate can be resolved as distinct from the North American plate.
Euler Vectors
Euler vectors for the four plate system are listed in Table 4 The EU-OK vector has a pole in northernmost Sakhalin and predicts 5-13 mm yr -1 convergence at the eastern margin of the Japan Sea. The predicted north-to-south variation is larger than predicted for EU-NA motion, with a EU-NA pole located further north in Siberia (Figure 1, Figures 4a and 4b) NA-PA boundary excludes the Kamchatka-Kudl-Japan trenches (OK-PA boundary). Similarly, NA-EU boundary excludes the Sakhalin-eastern margin of the Japan Sea (EU-OK boundary). In the three-plate model, OK is treated as part of NA. The strike-slip mechanism of the Neftegorsk earthquake differs from the other well-constrained earthquake mechanisms in and around Sakhalin, which show thrusting with roughly E-W trending P axes [Seno and Stein, 1995] . It is thus interesting to consider whether this large earthquake in the plate boundary zone reflects the plate motion. The direction of EU-OK relative motion at the center of the surface faulting (52.90øN 142.91øE, Takahashi et al. [1995] ) is predicted to be N14øE, which coincides with the slip vector of the CMT solutions (N19øE for Harvard and N16øE for Earthquake Research Institute CMT solutions) and surface faulting (N15øE, [Suzuki et al., 1995] ). Given that the Neftegorsk earthquake occurred to the east of the EU-OK pole, it would be on a transform fault if this is on a plate boundary (Figure 4a) . The other, thrust earthquakes to the south would then represent EU-OK convergence.
A difficulty in interpreting these earthquakes tectonically, however, is that they occur close to the predicted Euler pole. Argus and Heftin, 1995] . Given that much of the area is close to the trenches, a challenge for this purpose will be separating the possible effects of deformation due to the seismic cycle from plate motion [e.g., Heki et al., 1990; Argus and Lyzenga, 1993] .
